Objective: To characterize contemporary patterns of thyroid surgical care and variables associated with access to high-volume care.
pitalization (0.44; P Ͻ.001), and had a lower incidence of recurrent laryngeal nerve injury (0.46; P=.002), hypocalcemia (0.62; P Ͻ .001), and thyroid cancer surgery (0.89; P =.01). After controlling for other variables, thyroid surgery in 2000-2009 was associated with highvolume surgeons (OR, 1.76; PϽ.001), high-volume hospitals (2.93; P Ͻ .001), total thyroidectomy (2.67; PϽ.001), and neck dissection (1.28; P=.02) but was less likely to be performed for cancer (0.83; P Ͻ.001).
Conclusions:
The proportion of thyroid surgical procedures performed by high-volume surgeons and in highvolume hospitals increased significantly from 1990-1999 to [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] , with an increase in total thyroidectomy and neck dissection. Surgeon volume was significantly associated with complication rates. Thyroid cancer surgery was less likely to be performed by high-volume surgeons and in 2000-2009 despite an increase in surgical cases. Further investigation is needed to identify factors contributing to this trend. Head Neck Surg. 2010; 136(12) :1191-1198 P OSITIVE VOLUME-OUTCOME relationships exist for diseases treated with technically complex surgery. Most studies [1] [2] [3] [4] investigating volume-outcome relationships have focused on the relationship between hospital volume and operative mortality from cardiovascular, intrathoracic, and intraabdominal procedures and demonstrate lower short-and long-term mortality rates for procedures performed at highvolume hospitals. Although less widely studied, similar observations for volume and outcome have been reported for surgeon-based care, with lower surgical mortality rates for patients treated by highvolume surgeons, and surgeon volume accounts for a large proportion of the effect of hospital outcome on surgical mortality. 5 These observations served as the basis for the controversial adoption of hospital volume standards as a surrogate marker for quality by commercial insurer industry coalitions, such as the Leapfrog Group, which requires nonrural hospitals to meet volume standards for selected surgical procedures to be eligible for beneficiary referral. 6, 7 There is a relative scarcity of literature regarding the relationship between volume and outcome in head and neck surgery. However, similar observations regarding the positive effect of hospital [8] [9] [10] [11] [12] and surgeon 5, [13] [14] [15] [16] volume on outcome have been reported for surgical treatment of parotid, larynx, pharynx, and thyroid disease and cervical metastases. The oldest documented relationship between volume and outcome is in the field of thyroid surgery. As cited by Becker, 17 Theodor Kocher reported operative mortality of 13% for his first 100 thyroid procedures but by 1917 had performed 5000 thyroidectomies with operative mortality of only 0.5%, demonstrating a strong correlation between surgical experience and clinical outcome. Despite this recogni-tion, limited data exist regarding volume-outcome relationships in thyroid surgery, and most thyroid surgery in the United States is performed by low-volume (Յ3 cases per year) thyroid surgeons. 15, 18 In light of the increasing emphasis on positive volume-outcome relationships as a proxy for quality of care, and the potential impact of this relationship on referral and practice patterns, we undertook the present study to characterize contemporary patterns of thyroid surgical care through an analysis of statewide data according to hospital and surgeon volume, and to investigate temporal changes as well as variables associated with access to high-volume care.
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METHODS
A cross-sectional analysis of patients with a diagnosis of thyroid disease was performed using hospital discharge data from nonfederal acute care hospitals in Maryland collected by the Maryland Health Service Cost Review Commission (HSCRC). The HSCRC database provides information regarding the index hospital admission (surgery) and is limited to 30 days of follow-up. Adult patients (Ն18 years) who underwent an ablative procedure for benign or malignant thyroid disease in Maryland between January 1, 1990, and Individual surgeon and individual hospital annual thyroid surgery case volumes were the primary independent variables in this study. Surgeons and hospitals were included in the analysis if they were involved with at least 1 thyroid surgery during the entire study period. Surgeon and hospital volumes were modeled as categorical variables. Annual volumes were divided into quartiles, with high volume defined as those above the 75th percentile. Univariate logistic regression was performed to evaluate patterns of care among the remaining quartiles. 19 Based on analysis results, cutoff values for annual case volume of 3 or less, 4 to 24, and greater than 24 were used to classify surgeons by low, intermediate, and high volume, respectively, and cutoff values of 22 or less, 23 to 100, and greater than 100 were used to classify hospitals by low, intermediate, and high volume. These numbers were similar to the results seen when volume cutoff points were determined by division into tertiles and parallel those reported by other researchers 14, 18 studying thyroid surgery volumes in the Nationwide Inpatient Sample. Total surgeon and hospital volumes of more than 100 and more than 150 cases, respectively, have previously been suggested as a cutoff values for high volume. [10] [11] [12] [13] 20, 21 In this series, annual volumes correlated with total volume: all surgeons in the high-volume quartile performed more than 100 cases, and all hospitals in the high-volume quartile performed more than 150 cases per year.
Secondary independent variables included were age, sex, race, APR-DRG (All Patient Refined Diagnosis Related Groups) case complexity score (1-4), APR-DRG mortality risk score (1-4), length of stay, intensive care unit days, other specialty unit care days, payer source (commercial, health maintenance organization [HMO], Medicare or Medicaid, or self-pay), nature of admission (emergent/urgent or other), readmission, inpatient death, hospital type (university, community teaching, or community), procedure, and a diagnosis of thyroid cancer. A community teaching hospital was defined as a nonuniversity hospital with a residency program in general surgery or otolaryngology-head and neck surgery. Thyroid surgeryspecific complications of recurrent laryngeal nerve injury and hypocalcemia were included as secondary independent variables but were also analyzed separately as primary independent variables to determine factors associated with an increased risk of these complications. For statistical analysis of temporal trends, the study period was divided into 2 time intervals: 1990-1999 and 2000-2009. American Joint Commission on Cancer tumor stage, tumor grade, histologic subtype, and outcome beyond 30 days were not available from the HSCRC database.
Data were analyzed using a statistical software program (STATA 10; StataCorp LP, College Station, Texas). Standard statistical analysis, including unpaired t tests and analysis of variance for continuous data and 2 tests for categorical data, were used to evaluate factors associated with volume category. Bivariate logistic regression analysis was used to determine variables that were significantly associated with the outcome of interest. Multiple logistic regression analysis was used to identify factors associated with high-volume surgical care, with surgeon or hospital volume as the outcome variable of interest; factors associated with complications, with recurrent laryngeal nerve injury or hypocalcemia as the outcome variable of interest; and factors associated with temporal trends, with time interval as the outcome variable of interest. Collinearity was checked by performing a multiple regression analysis and by calculating the variance inflation factors and removing variables with a variance inflation factor greater than 10.0, which suggests collinearity. Variables that were hypothesized to have predictive value and those that were significant in bivariate analysis were entered into the regression models. Models were sequentially built to identify variables that were significantly associated with high-volume surgeons or hospitals. A second approach used stepwise backward variable selection to determine which subset of variables was predictive of the outcome of interest. The Akaike information criterion was used to select models by goodness of fit. Odds ratios (ORs) are expressed relative to a reference baseline category. This protocol was reviewed and approved by The Johns Hopkins Medical Institutions institutional review board.
RESULTS
A total of 21 270 cases met the study criteria ( Table 1) . The mean patient age was 49.7 years (age range, 18-95 years). The mean number of annual thyroid cases treated surgically was 1064, with an annual mean of 943 cases treated surgically during 1990-1999 and 1184 during 2000-2009. The majority of patients were women, were white, had commercial or HMO insurance, received their care at a community hospital, and underwent surgery for benign thyroid disease. Partial thyroidectomy was the most (REPRINTED) ARCH OTOLARYNGOL HEAD NECK SURG/ VOL 136 (NO. 12), DEC 2010common surgical procedure and was performed in 60.4% of all patients (Figure 1 ). The incidence of recurrent laryngeal nerve injury was 1.0% and was greater for patients undergoing surgery for thyroid cancer (2.0%) compared with benign disease (0.5%, PϽ.001). Similarly, the incidence of hypocalcemia after total thyroidectomy was 10.0% and was greater for patients treated for thyroid cancer (10.8%) compared with those treated for benign disease Overall, 1034 surgeons performed thyroid surgery, although not all surgeons performed surgery in every year of the study. The mean annual number of thyroid surgical procedures performed by an individual surgeon per year of surgical activity was obtained by calculating the mean of the number of procedures performed each year for each individual surgeon for the years in which that surgeon performed at least 1 thyroid surgery. Only 8 surgeons were categorized as high-volume surgeons (0.8%), while 888 surgeons (85.9%) performed 3 or fewer thyroid surgery procedures per year on average. Fifty-one hospitals cared for patients undergoing thyroid surgery, with only 1 hospital (2.0%) categorized as high volume, which was a university hospital; 36 hospitals (70.6%) performed 22 thyroid surgical procedures or fewer per year on average. The mean annual number of thyroid surgery procedures performed in an individual hospital per Similarly, the distribution of thyroid surgical cases by hospital and surgeon volume differed by time interval. In 1990-1999, the largest combined category was that of intermediate-volume surgeons operating at intermediatevolume hospitals, which accounted for 26.2% of all cases, followed by low-volume surgeons operating at lowvolume hospitals, which comprised 21.9% of cases, while the proportion of cases performed by high-volume surgeons at high-volume hospitals was 8.0% (Figure 2 3.17-3.77; P Ͻ .001), while the proportion of procedures performed at low-volume hospitals decreased from 37.0% to 20.4%. Thyroid cancer surgical cases accounted for 30.9% of all thyroid surgical cases ( Table 1 Multiple logistic regression analysis of variables associated with high-volume care showed that highvolume surgeons were significantly associated with teaching and university hospitals ( Table 2) . Compared with intermediate-and low-volume surgeons, high-volume surgeons were significantly more likely to perform total thyroidectomy procedures and neck dissection. Highvolume surgeons were associated with increased case complexity scores, reflecting the presence of advanced comorbid disease, intensive care unit utilization, and decreased length of hospitalization. Self-pay and Medicare or Medicaid patients were less likely to undergo surgery by high-volume surgeons, and high-volume surgeons were less likely to operate on patients admitted urgently or emergently. The incidences of thyroid surgery-specific complications of recurrent laryngeal nerve injury and postoperative hypocalcemia were significantly lower for highvolume surgeons. High-volume surgeons were less likely to perform surgery with an initial diagnosis of thyroid cancer compared with intermediate-and low-volume surgeons. High-volume hospitals were significantly associated with high-volume surgeons, urgent or emergent admissions, and an initial diagnosis of thyroid cancer. Compared with intermediate-and low-volume hospitals, high-volume hospitals were associated with increased case complexity scores, total thyroidectomy, other unspecified thyroid procedures, and neck dissections. Patients with HMO and Medicare or Medicaid insurance were less likely to be treated at a high-volume hospital, while self-pay patients were more likely to receive care at a high-volume hospital.
Multiple logistic regression analysis of variables associated with thyroid surgery-specific complications revealed an association with surgeon volume. Recurrent laryngeal nerve injury was significantly more likely for a diagnosis of thyroid cancer, neck dissection, and urgent or emergent admission but was significantly less likely for highvolume surgeons after controlling for all other variables ( Table 3) . Postoperative hypocalcemia was significantly more likely for a diagnosis of thyroid cancer, total thyroidectomy or other unspecified operations on the thyroid gland, and neck dissection but was significantly less likely for highvolume surgeons. Hospital volume was not significantly associated with either complication.
Multiple logistic regression analysis of 2000-2009 compared with the reference group of 1990-1999 showed that surgery was significantly more likely to be performed by high-volume surgeons and at high-volume hospitals in 2000-2009 (Table 4) . Patients were less likely to undergo surgery at a university hospital. There was a significant increase in the odds of total thyroidectomy and neck dissection and a decrease in the odds of other unspecified thyroid procedures. Compared with 1990-1999, thyroid surgery in 2001-2009 was more likely to be performed in nonwhite patients and was associated with increased case complexity scores and decreased length of hospitalization. Thyroid surgery in 2000-2009 was more likely to be performed in patients with HMO and Medicare or Medicaid insurance and was less likely to be performed in self-pay patients. Surgery was less likely to be performed for an initial diagnosis of thyroid cancer in 2000-2009 after controlling for other variables.
COMMENT
The results of this analysis suggest that surgeon volume is a significant predictor of thyroid surgery outcomes. High-volume surgeons were more likely to perform more extensive surgery for thyroid disease, including neck dissection, were more likely to care for privately insured patients, and had lower incidences of recurrent laryngeal nerve injury and postoperative hypocalcemia and a reduced length of stay. [13] [14] [15] However, high-volume surgeons were less likely to operate on patients with a diagnosis of thyroid cancer and on patients admitted urgently. In contrast, high-volume hospitals, although significantly associated with high-volume surgeons, were more likely to treat patients admitted urgently, without insurance, and with cancer. These findings may reflect differences in volume-based referral patterns and limitations to the use of hospital discharge data.
Birkmeyer et al 5 reported that much of the favorable effect of hospital volume on outcome is actually explained by surgeon volume, and the association varies according to procedure, with technical skill and intraoperative processes assuming greater importance in procedures that required a shorterstayandlessdependenceonhospital-basedresources. Thyroid surgery may be the best example of such a procedure, in which the effect of surgeon experience on outcomes has been recognized for nearly a century and is less dependent on hospital-based services. 17 Although the relationship between volume and outcome seems intuitive, it is difficult to determine the direction of the causal relationship: whether "practice makes perfect" or whether referral patterns result in a subset of providers with better outcomes selectively attracting more patients. 7, 13, 22 High-volume surgeons receive a disproportionate volume of referrals from endocrinologists who have identified these surgeons as subspecialists. We found that high-volume surgeons were more likely to perform total thyroidectomy, had a lower incidence of postoperative complications, had a shorter length of hospitalization, and were more likely to operate on privately insuredpatients.However,incontrasttopreviousstudies, 13, 15 we found that high-volume surgeons were less likely to operate for an initial diagnosis of thyroid cancer. One possible explanation is that high-volume surgeons who receive the bulkoftheirreferralsfromendocrinologistsperformagreater proportion of surgery for benign disease compared with surgeons who have not made endocrine surgery the focus of their practice.
The effect of hospital volume on thyroid surgery outcomes has produced varying results in the literature, with some researchers reporting a decreased incidence of complications 10, 11 and an increase in case complexity, 11 total thyroidectomy, [10] [11] [12] and cancer 11 at high-volume hospitals, whereas others have reported that hospital volume has a negligible effect on outcomes. 13, 15 In this study, highvolume hospitals were associated with an increased incidence of total thyroidectomy, case complexity, and cancer diagnoses but were not associated with thyroid surgery-specific complications, which were directly associated with the extent of surgery and a diagnosis of cancer and were inversely related to surgeon volume. Urgent admissions and self-pay patients were more common for high-volume hospitals, in contrast to high-volume surgeons, and this variable likely reflects differences in referral pathways by which patients arrive at surgery. There are several limitations to the use of hospital discharge data that may affect these findings. Although case complexity and mortality risk scores were used for risk adjustment, the ability to adequately control for case mix is limited when discharge diagnoses from administrative databases are used, which is the case in almost all studies investigating volume and outcome associations to date, including the present study.
1,2,6,22-24 The Maryland HSCRC database provides no follow-up data beyond the index admission and is limited to a 30-day postoperative window and contains no information on stage of disease, grade, subtype, or previous treatment. As a result, the effect of treatment on survival cannot be estimated. There may be differences in the type of patient or disease cared for at high-volume hospitals that are not adequately captured. A diagnosis of thyroid cancer may not be apparent at the time of discharge, and, as a result, the incidence of thyroid cancer may be underestimated. Similarly, the incidence of complications may be underreported because complications pertaining to recurrent laryngeal nerve injury and hypoparathyroidism may not be evident until after discharge, [13] [14] [15] 18 particularly because many surgeons do not routinely evaluate vocal cord function with laryngoscopy 25 and many routinely send patients home with prophylactic calcium supplementation. 26 The prevalence of these practices cannot be determined from the HSCRC database. Finally, an increasing proportion of thyroid surgery is performed on an outpatient basis, which is not captured in this inpatient database limited to hospital admissions, which may result in underreporting of cases and complications. 15 Nevertheless, these data show a significant relationship between surgeon volume and surgical morbidity and demonstrate a favorable trend of increased market share by high-volume surgeons and hospitals in the past decade, suggesting a trend toward greater centralization of thyroid surgical care. Despite this trend, the majority of thyroid surgery in Maryland is not performed by highvolume providers. Although the number of high-volume surgeons has increased, high-volume thyroid surgeons represent only 1% of all surgeons who perform thyroid surgery in Maryland. In addition, while the incidence of thyroid cancer has increased, the overall number of thyroid surgical procedures being performed has also increased, possibly as a result of improved imaging resulting in earlier detection of thyroid abnormalities, variations in fineneedle aspiration cytologic diagnostic criteria for suspicious lesions, or increased sensitivity to the possibility of a missed cancer diagnosis. As a result, thyroid surgery in 2000-2009 was associated with a decreased likelihood of a cancer diagnosis. These findings have important implications for the future of our specialty and for efforts to improve quality and quality measurements. It has been argued that volume is an unvalidated and poor proxy measure of quality. 24, [27] [28] [29] The late Avedis Donabedian 30 defined quality care as consisting of 3 components: structure, including the adequacy of facilities, administration, staff, and volume; process; and outcome. In the absence of valid comparative quality measurement systems, volume-based standards are used as a surrogate of quality by the Leapfrog Group, a coalition of large employers, including General Motors, General Electric, Verizon, and other Fortune 500 companies, and the federal government, as one of several health care purchasing standards aimed at promoting safety, quality, and value. 7 In actuality, surgical outcomes are more likely a result of the processes of care that providers adopt, including patient selection, preoperative evaluation and preparation, the use of evidence-based medicine, surgical judgment and skill, and postoperative care. 14, 29 The American College of Surgeons recognizes that surgeons need to provide quality outcomes data and that commitment and investment of resources is required to improve systemic efforts to measure quality and generate defensible data. 27 Volume serves as a crude measure of quality because it is a structural characteristic that is easy to calculate, but volume-based initiatives are limited in their potential to improve patient outcomes by emphasizing structure over process and do not predict performance for individual hospitals or surgeons. On a practical level, volume-based initiatives will never result in concentration of all care at high-volume centers because of patient preferences, geography, and provider incentives, and strategies for improving care by all providers, including low-volume providers, are needed. 2 These data suggest that given the observed relationship between volume and outcome, the temporal trend of fewer surgical procedures performed by low-volume providers seems appropriate. However, a significant proportion of surgical procedures are still performed at lowvolume facilities and by low-volume surgeons, and, thus, increased efforts by professional societies to export the surgical excellence of high-volume surgeons through educational efforts and adoption of best practices may improve outcomes for low-volume providers. 14, 31 It has been reported that the success of New York State in reducing mortality rates for coronary artery bypass graft surgery was not because a greater proportion of procedures were performed by high-volume surgeons but rather because the gap in outcomes between high-and low-volume surgeons narrowed, and mortality rates for both groups decreased substantially. 29 Finally, the increase in thyroid surgery numbers has not been matched by a parallel increase in surgical procedures performed by graduating chief residents, 18, 32, 33 lending credence to the call for increased training of endocrine surgery specialists either through enhanced exposure during training or through an increased number of fellowships in endocrine surgery to minimize the number of low-volume surgeons engaged in the performance of thyroid surgery in the future. 
